a b s t r a c t
Calcaneal fractures, often caused by a fall from a height, are the most common injuries encountered by orthopedic surgeons. Currently, open anatomic reduction and internal fixation (ORIF) is considered a valuable treatment of displaced intraarticular fractures of the calcaneus; however, the need for bone grafting in the treatment is still controversial. Therefore, in the present study, we investigated the outcomes of 2 methods (with and without bone grafting) used for the surgical treatment of Sanders type III calcaneal fractures. From January 2013 to September 2015, 57 cases (55 patients) with displaced Sanders type III calcaneal fractures (53 unilateral and 2 bilateral) were enrolled. The patients were divided into 2 groups: group I was treated by ORIF with bone grafting (n ¼ 28) and group II was treated by ORIF without bone grafting (n ¼ 29). The radiologic evaluation included B€ ohler's angle, Gissane's angle, and the height and width of the calcaneum. In addition, the American Orthopaedic Foot and Ankle Society questionnaires and visual analog scale were completed by the patients. During the follow-up period, no differences were found in the outcome measures (B€ ohler's angle, p ¼ .447; Gissane's angle, p ¼ .599; calcaneal height, p ¼ .065; calcaneal width p ¼ .077; and American Orthopaedic Foot and Ankle Society questionnaires, p ¼ .282) with or without bone grafting. The only difference between the 2 groups was the occurrence of postoperative pain (p ¼ .024 and p ¼ .05), which was greater in the patients who had undergone bone grafting. We have provided evidence that bone grafting with internal fixation in the treatment of intraarticular calcaneal fractures failed to improve the restoration of B€ ohler's angle or Gissane's angle. No statistically significant difference was found in the short-term outcomes between the 2 methods used for the surgical treatment of Sanders type III calcaneal fractures.
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Calcaneal fractures, often caused by a fall from a height, are the most common injuries encountered by orthopedic surgeons (Fig. 1) . Calcaneal fractures comprise 1% to 2% of all fractures (1) and approximately 75% of the fractures affecting the foot (2) . Approximately three quarters of calcaneal fractures are intraarticular fractures (3, 4) .
Historically, patients' prognosis has been poor and surgery was controversial and often unsuccessful. Computed tomography (CT) has improved our understanding of the injury mechanism and led to advances in surgical techniques and management. CT plays an important role in the evaluation of calcaneal fractures and aids surgeons by providing details that affect decisions on the final treatment (5). The Sanders classification system is based on the CT scan findings and is the most commonly used system for describing intraarticular fractures of the calcaneus (6, 7) . It consists of 4 types determined by the fracture line location at the posterior facet. Nondisplaced fractures or displacement of <2 mm are classified as type I regardless of the fracture lines. Types II to IV are displaced fractures with an increasing number of fracture lines and fragments, and type III fractures consist of 3 articular pieces resulting from 2 fracture lines ( Fig. 2) (8) .
Currently, open reduction and internal fixation (ORIF) is considered the reference standard treatment of displaced intraarticular fractures of the calcaneus (9, 10) , because anatomic reduction is important for feet and ankles to have functional outcomes. Also, ORIF is the best method for achieving calcaneal morphology restoration and anatomic reduction of the articular surface (11, 12) . However, the need for bone grafting in the treatment of displaced intraarticular calcaneal fracture is still controversial. Orthopedic surgeons who insist on bone grafting believe it will stimulate fracture healing, leading to early full weightbearing, preventing posttraumatic arthritis, and increasing mechanical strength, and, thus, helping to prevent significant late collapse (13) . Those who do not prefer bone grafting have suggested that internal fixation can adequately support the articular surface and that autografting could the infection rate, blood loss, postoperative pain, donor site morbidity, and complications (14) (15) (16) (17) .
Therefore, in the present study, we investigated the outcomes of 2 methods (ORIF with or without bone grafting) used for the surgical treatment of Sanders type III calcaneal fractures. We analyzed 57 cases (55 patients) with Sanders type III calcaneal fracture by comparing the outcomes between the 2 groups. We compared the reduction of B€ ohler's angle and Gissane's angle, changes in the calcaneal height and width, and analyzed the results from the American Orthopaedic Foot and Ankle Society (AOFAS) questionnaires and visual analog scale. The present study might provide important information on whether bone grafting is needed in addition to internal fixation in the treatment of Sanders type III calcaneal fractures.
Materials and Methods

Study Design
The present study was a prospective comparative study that was approved by the Ethical Committee and Reproductive Medicine Center, Renmin Hospital, Hubei University of Medicine (Shiyan, China). From January 2013 to September 2015, 55 patients (57 displaced Sanders type III calcaneal fractures; 53 unilateral and 2 bilateral) were enrolled using the following inclusion and exclusion criteria. The 57 cases were divided into 2 groups: group I (28 cases, 26 unilateral and 1 bilateral) was treated by ORIF with bone grafting; and group II (29 cases, 27 unilateral and 1 bilateral) was treated by ORIF without bone grafting. The average age was 39.4 (range 23 to 64) years in group I and 40.9 (range 19 to 67) years in group II.
Inclusion Criteria
Preoperative Evaluation
The patients were evaluated for associated injuries and anteroposterior, lateral, and axial radiographic views of the calcaneum were obtained (Fig. 3A to C). CT and 3-dimensional (3D) reconstruction were also performed to assess the details of articular depression ( Fig. 4A to D) . After injury, the limb was elevated and an ice pack was applied to decrease the swelling. The patients underwent surgery once the swelling had subsided and the wrinkle test finding was positive (18) .
Procedure
All procedures were performed by the same surgical team. After the patients were under anesthesia, they were placed in a lateral position. An L-shaped skin incision between the Achilles tendon and sural nerve was made, in which the horizontal limb extended from the base of fifth metatarsal anteriorly to meet the vertical limb posteriorly at the junction of skin and heel and vertical limb extended from 2 cm above the tip of lateral malleolus, just lateral to the Achilles tendon and continued vertically toward the plantar surface of the heel (Fig. 5A ). Full-thickness periosteal cutaneous flaps were gently retracted and elevated, subperiosteal dissection was performed, and three 2-mm Kirschner wires were placed into the talus, exposing the entire lateral wall of the calcaneus proximally to distally to the calcaneocuboid joint (Fig. 5B ). The articular surface was fully visualized by inverting the foot. The subtalar joint became visible, and the fracture was assessed and reduced, with correction and maintenance of B€ ohler's angle and Gissane's angle ( Fig. 5C to E). A calcaneal plate of appropriate size was applied that extended from the anterior process of the calcaneus up to the most posterior aspect of the tuberosity and fixed with screws ( Fig. 5G and H) . The Kirschner wires were removed, and the wound was closed (Fig. 5I) .
Autografting was performed in group I, and the grafts were harvested from the ilium (Fig. 5F ). After appropriate bone grafting, provisional fixation was performed using Kirschner wires. Under the image intensifier, anatomic reduction of the articular margin was achieved, maintaining the height of the calcaneum.
Postoperative Plan
The standard postoperative protocol was followed as described by Singh and Vinay (14) . Patients started moderate ankle and subtalar joint mobilization exercises as soon as possible and non-weightbearing walking on the third postoperative day. Progressive weightbearing began after 6 weeks, and full weightbearing was allowed after 12 weeks, provided the reduced and stabilized fracture position had remained unchanged and clinical and radiologic signs of bone healing (no pain, swelling, or tenderness at the fracture site clinically and no visible fracture lines on the radiographs) were present at that time.
Radiographic Measurements
The radiographs for calcaneal fracture consist of anteroposterior, lateral, and axial views of the calcaneus (Fig. 6) . Postoperatively, the same preoperative radiographic views, CT scan, and 3D reconstruction were obtained to assess the reduction (19) . The following parameters were measured for the radiologic evaluation:
1. B€ ohler's angle, measured from the highest points of the calcaneal tuberosity, subtalar joint, and anterior process and presented as a relative measurement of the degree of compression and deformity in calcaneal fractures ( 
Outcome Measurement
Clinical and radiologic assessments were performed immediately after surgery, at 3 and 6 months postoperatively, and at regular follow-up visits every 6 months. Physical assessments of the patients' walking ability, heel width, calf circumference, stability, and alignment of the heel were performed. At the last follow-up visit, the patients were invited to the outpatient department and asked to complete the AOFAS questionnaires (24, 25) . The AOFAS scales are disease-specific outcome questionnaires consisting of 3 individual items (pain, function, and alignment) and range from a minimum score of 0 to a maximum score of 100 points. In addition to the 3 different outcome questionnaires, patient satisfaction was assessed using a single-question visual analog scale, ranging from a score of 0 mm (worst outcome) to 100 mm (excellent outcome).
Statistical Analysis
Data are expressed as the mean AE standard deviation, and statistical analyses were performed using SPSS software, version 12.0 (IBM Corp., Armonk, NY). Student's t test was used to assess the differences between the 2 groups; p .05 was considered statistically significant.
Results
A total of 55 patients (57 fractures; 53 unilateral and 2 bilateral) were enrolled in the present study. The mean delay to surgery was 8.2 (range 2 to 21) days after injury, when the swelling had subsided and the wrinkle test finding was positive. The average operative duration was 79.2 (range 61 to 98) minutes for unilateral cases. All patients were available for !1 year of follow-up examinations, and the average follow-up period was 16.3 (range 12 to 48) months.
Complications
In group I (bone grafting), 1 case of hematoma developed. In group II (without bone grafting), 1 case of marginal wound necrosis developed. Wound healing was similar in both groups and resolved with local wound dressings. No wound infection developed in either group.
Radiographic Measurements
Satisfactory reduction of the articular surface (a step-off of <2 mm) was fully visualized on the radiographs (Fig. 3) , CT scan, and 3D reconstruction (Fig. 4) . B€ ohler's angle, which normally ranges from 25 to 40 (20) , showed no statistically significant difference (28.4 AE 6.1 versus 26.9 AE 7.2 ; p ¼ .447) between the 2 groups. Gissane's angle, which normally ranges from 120 to 145 (21, 22) 
Outcome Measurement
Full weightbearing was achieved mainly after 4 months in both groups. No statistically significant difference was found in the AOFAS scores between the 2 groups (p ¼ .282). The only difference between the 2 groups was the occurrence of postoperative pain, which was greater in the patients who had undergone bone grafting, because an extended duration of pain was experienced at the bone grafting site and the harvest site (ilium; p ¼ .024 and p ¼ .05; Table 2 ).
Discussion
Calcaneal fracture is the most common fracture of the tarsal bone, with approximately 75% displaced intraarticular fractures (26) . Of the fractures of the calcaneus involving the subtalar joint, 70% to 90% will be caused by high-energy traumas, for example, a fall from a height (27) . CT scanning and 3D reconstruction have provided more details of calcaneal fractures in recent years (19) . However, the treatment of displaced intraarticular calcaneal fractures remains controversial (12) . A recent systematic review showed that patients with calcaneal fractures might have better outcomes with surgical fixation but might also experience fewer complications if the calcaneus fractures are treated by surgery (28, 29) . In 2004, Zwipp et al (30) concluded that the principal aims of surgical treatment of calcaneus fractures are restoration of the length, width, height, and axis of the calcaneus; restoration of function by primary stable osteosynthesis; and anatomic reconstruction of all joint surfaces. Although percutaneous arthroscopic calcaneal osteosynthesis is considered a minimally invasive technique for displaced intraarticular calcaneal fractures (31, 32) , ORIF is recognized as the reference standard (33) . ORIF is the best surgical treatment for achieving anatomic joint reduction of a displaced intraarticular calcaneus and restoration of the morphology (34) . Soft tissue complications might be the main reason ORIF has not always been accepted by all surgeons (35, 36) . Full resolution of soft tissue edema will be demonstrated by a positive wrinkle test performed by visual assessment and direct palpation of the lateral calcaneal skin with the involved foot in dorsiflexion and eversion. The wrinkle test is positive if skin wrinkling can be found and no pitting edema remains, thereby indicating that surgery can be safely undertaken (37) . The mean delay to surgery was 8.2 (range 2 to 21) days for all 57 fractures in the present study. The study by CourtBrown et al (38) showed that delaying surgery was not associated with a lower infection rate, the average delay to surgery was 5.2 (range 1 to 21) days, and most patients (65.2%) underwent surgery within 5 days of fracture, with only 7.3% requiring a delay of >10 days.
The 3 typical approaches used for calcaneal osteosynthesis are the lateral approach, medial approach, and combined lateral and medial approach. We chose the lateral approach in the present study, because the extensile lateral approach has achieved wide popularity for surgical fixation by providing excellent exposure, allowing access to manipulate and fix the fracture fragments (39, 40) . In addition, De Groot (41) found that complications after the lateral approach for calcaneal fractures did not influence the mid-to long-term outcomes. Recently, a new minimally invasive lateral technique via a sinus tarsi approach has been advocated. Xia et al (42) compared the clinical outcomes of patients treated with ORIF via an L-shaped lateral approach versus those undergoing ORIF via a sinus tarsi approach. They found that the sinus tarsi approach seemed to be safer and more effective for reduction and internal fixation with a percutaneous plate (42) . However, a larger sample size and longer follow-up time are needed to determine more precisely the clinical efficacy of this technique. The best operative treatment of displaced intraarticular calcaneal fractures with or without bone grafting is still controversial. Some orthopedic surgeons have incorporated bone grafting into the fixation procedure and achieved satisfactory results (14) . Therefore, they have recommended the use of bone grafting to increase the stability and compressive strength of the fixation and rapid rehabilitation. Wei et al (43) found that platelet-rich plasma augmented the favorable outcomes of allografts, supporting the clinical use of platelet-rich plasma in conjunction with allografts in the treatment of calcaneal fractures. However, a series of cases showed a lack of specific benefit from bone grafting in preventing collapse (44, 45) . Studies have suggested that although a gap is caused by cancellous crushing, the thalamic fragment and overall body reduction are supported by lag screw and plate fixation. Also, because the medial wall is fractured, proper filling of the space will be impossible, and the speed of healing does not warrant the extra risk associated with bone grafting (46) .
Although most other studies have reviewed all types of displaced intraarticular calcaneal fractures (Sanders types II to IV) treated with plate osteosynthesis with or without autologous iliac bone grafting, we only investigated Sanders type III calcaneal fractures. Sanders type III calcaneal fractures consist of 3 articular pieces resulting from 2 fracture lines and are divided into 3 subtypes (IIIAB, IIIAC, and (IIIBC) according to whether the fracture line location is lateral (A), central (B), or medial (C) (6, 7, 47) . In the present study, an excellent or good anatomic result was achieved in both groups as shown on both the radiographs (Fig. 3 ) and the CT scans (Fig. 4) . At the last follow-up visit, B€ ohler's angle and Gissane's angle were maintained in the normal range (20 to 40 and 120 to 145 , respectively) in both groups, with no statistically significant differences. Similarly, the functional result was excellent or good in all our patients per the AOFAS questionnaire results, with no statistically significant differences found between the 2 groups. Yang et al (48) , in a systematic review of the published data, found that operative treatment with bone grafting could restore B€ ohler's angle better and the patients could return to full weightbearing earlier compared with those without bone grafting. However, the functional and efficacy outcomes appeared similar between the 2 treatment groups (48). In our study, no difference was found in the outcomes with or without bone grafting. Gusic et al (49) reported that the reason for the similar anatomic and functional outcomes could be the greater healing potential in cancellous bone and the tremendous angiogenic potential of trabecular bone. The primary limitation of the present study was that the sample size was small, the investigation period was short, and some patients had undergone plate removal after 1 year and not returned for followup visits. It is unclear whether collapse will occur with a longer follow-up period, as described by Wang and Wei (50) , who found that B€ ohler's angle and Gissane's angle had decreased at a mean follow-up period of 40.4 months compared with immediately postoperatively.
In conclusion, we found that ORIF provides good functional outcomes, manifested by restoring anatomic reconstruction of B€ ohler's angle, Gissiane's angle, and the height and width of the calcaneum. No statistically significant differences were found in the short-term outcomes for the 2 methods (with or without bone grafting) for surgical treatment of Sanders type III calcaneal fractures, except for the occurrence of postoperative pain. The results of the present study suggest that bone grafting is not necessary with internal fixation in the treatment of displaced intraarticular calcaneal fractures to better restore B€ ohler's angle and Gissane's angle.
